to 26.0 °C and the mean annual precipitation from 3500 to 4500 mm at these sites (Martínez 2012 , Tirimbina Biological Reserve 2010 . Spiders and their hosts were collected in mature and old second growth lowland rainforests.
In the laboratory each spider with its parasite was placed in a 30 cm diameter plastic container with plants of different families (e.g. Commelinaceae and Crassulaceae) which covered nearly the entire diameter of the container. We recorded daily the larval stage and the design of the web of the spider, which was fed every other day with Lucila sp. flies (Calliphoridae). We regularly photographed each spider and its parasitoid larva (daily in one spider) and video-recorded the behaviour of two last-stage larvae.
Results "Cocoon web". In the laboratory the spiders constructed webs similar to those in nature (Fig. 1a) . The second-instar parasitoid larva induced the host spider to build the cocoon web and during the night it killed the spider. However, differences between the cocoon web and normal web were nearly imperceptible. The only differences between cocoon and normal webs were that the spider was induced to produce a hole through the centre of the hub and to add a few additional threads in the central section of the orb, to which the cocoon was then attached by the larva (Fig. 1b, N = 3 cocoon webs) .
We did not observe the spider breaking the silk threads of the hub, but in one case a last instar larva constructed its cocoon within an open space in the hub which was intact the previous night. In the field we also observed a cocoon constructed within the space in the centre of the hub (Fig. 1d) .
To observe a cocoon web built from scratch, we carefully removed one spider with a second-instar larva attached to its opisthosoma from its web the night before it killed its host. We then destroyed the web, cleaned the plant, and returned the spider with its larva back to the same plant in the same container, and allowed the spider to build its cocoon web. In this case, the second-instar larva induced the spider to build a relatively sparse, horizontal tangle that did not have an orbicular design (Fig. 1c) .
Larval development and behaviour. Two of the host spiders were found with wasp eggs attached to them (Fig. 2a) and in both cases the larva emerged three days later in the lab. Both larvae passed through three stages, which lasted a total of nine days (Tab. 1). We determined the number of larval stages by examining the number of shed-skins that were attached to the "saddle" (the mass of coagulated spider hemolymph which adhered to the spider's opisthosoma; Nielsen 1923 During the first two stages, the larva only grew in size, with no obvious morphological changes (Fig. 2b ). During this period the larva sometimes appeared to feed on the spider' hemolymph: the larva's mouth contacted the spider's cuticle, and peristaltic contractions moved posteriorly in the anterior section of the larva's body.
The third stage larva had a dorsal tubercle with hooklets on each of eight body segments (Fig. 2c ). During this stage the larva killed the spider, grasped the web with its dorsal tubercles, and then spent nearly two days sucking out the contents of the spider; upon completion of feeding it dislodged the spider's carcass and then began cocoon construction (Tab. 1).
Cocoon construction. We video-recorded portions of cocoon construction by two larvae. In both cases the larva constructed the cocoon in the centre of the orb-web, the hub, where the larva had killed and consumed the spider. Construction began with the larva hanging by its hooklets to threads of the cocoon web (Fig. 3a) . With silk threads produced from the larva's mouth, it first constructed a fluffy mass of silk around its posterior half (Fig. 3b) . During this phase we observed the larva connecting some threads to the cocoon web ( Fig. 3c-d) .
After several hours of continuous spinning, the larva had gradually constructed a fluffy mass of silk that encased the entire larva (Fig. 3) . On several occasions, we observed the larva move down to reach the bottom of the cocoon and continue adding silk threads to the interior of the cocoon (Fig. 3e) , so that the cocoon wall became denser over time (Fig. 3f ) . During spinning, the larva connected the threads in sequence and the next connection point was always near the previous one. The larva commonly began by connecting threads to the top of the cocoon and then in a sequence of connecting points, moved its head while curling its body about its abdominal section, to nearly reach the bottom of the cocoon (Fig. 3e). It then returned gradually to the starting point at the top of the cocoon, as it continued connecting more threads on the way up. The larva required ca. 20 h to construct its cocoon, which had a yellowish-white colour that darkened to orangeyellow over the next two days.
Spider behaviour. We did not notice any change in the spider behaviour during the first larval stage and most of the second stage. It was only during the last night of the second stage that the larva induced the spider to construct a sparse tangle, in the case where the spider and its larva were removed from the web. However, when the spider remained in its web, the last-instar larva only attached some threads to the centre of the hub of the orbicular web to secure the cocoon.
Discussion
Our observations support the hypothesis that the structure and design of normal webs of host spiders of koinobiont parasitoids in the Polysphincta genus group affect the designs of cocoon webs. The orb web of K. cyrtophoroides is a strong, long-lasting structure constructed of dry threads that remain undamaged for many days, even after the spider abandons the web (GB unpubl. data). The dense tangle above and below the dense orb-web gives strong support to the entire structure as in the webs of the sister genera, Cyrtophora and Manogea (Lubin 1974 , Sobczak et al. 2009 ). The intact natural web of K. cyrtophoroides therefore gives enough support and protection from predation and environmental conditions to the H. heidyae cocoon (Eberhard 2000 , Weng & Barrantes 2007 , Sobczak et al. 2009 , Korenko 2017 . It has been proposed that inhibition of adhesive spiral production in cocoon webs could save spider biomass for the larva wasp to ingest (Eberhard 2010a , Korenko et al. 2018 ). In K. cyrtophoroides silk investment in the cocoon web is minimum (if any) so that the larva has a larger proportion of the spider's biomass for development, relative to other spe- cies that use more substantial amounts of silk to construct the cocoon web. This seems to be a widespread fine-tuning adjustment between the parasitoid larva and the spider host, since only small changes occur in the cocoon web of spiders in several families that build long-lived normal webs and are parasitized by wasps in different genera (Weng & Barrantes 2007 , Eberhard 2010a , Korenko et al. 2018 .
The second-instar larva induced K. cyrtophoroides (when separated from its web) to construct a cocoon web that consisted of a sparse horizontal tangle. The design of this cocoon web is totally different from the design of the natural orbweb built by the spider, and cannot be recognized as part of the normal web. The second instar larva of H. heidyae seems to be capable of inducing the spider to build a new design of cocoon web in response to unpredictable situations. Similarly, Anelosimus under the influence of Zatypota solanoi was also capable of building a cocoon web from scratch with a completely new design (Eberhard 2010b) . This suggests that the response of polysphinctine larvae to unexpected situations may be more flexible than previously thought.
The general sequence of changes induced in this host spider by the parasitoid larva and the larva's behaviour differ to some extent from those described for other species in the Polysphincta genus group (Nielsen 1923 , Eberhard 2000 , Weng & Barrantes 2007 . The second-stage larva H. heidyae only induces its host spider to construct a sparse tangle when the spider is removed from its web before the larva kills the spider. The larva then moults to its last instar, kills the spider and constructs the cocoon, and this sequence of events is quite stereotypical and apparently retained across this group of parasitoid wasps. If the spider is not removed from its web, the last instar larva secures the cocoon with some of its own silk threads to the centre of the web at the beginning of construction, but no further modifications are observed in the spider web.
The sequence of events during cocoon construction of H. heidyae is, in general, similar to that of H. argyraphaga (Eberhard 2000) and Zatypota petronae (Weng & Barrantes 2007) , but differs in some respects. Attaching the cocoon by its upper portion to the spider web differs from H. argyraphaga whose cocoon hangs freely from the centre of the cocoon web (Eberhard 2001), but is similar to Zatypota solani in that the cocoon is attached by its upper portion to the web of its host Anelosimus (Eberhard 2010b).
Hymenoepimecis heidyae's manipulation of its spider host is finely tuned to the design and structure of K. cyrtophoroides's web. In this case changes in the cocoon web are barely perceptible, in contrast to the cocoon web of other Hymenoepimesis species (and other species of the Polysphincta genus group) induced in host spiders with short-lived webs (Eberhard 2000 , Gonzaga et al. 2010 , Barrantes et al. 2017 . Thus, strong, longlived webs with some particular design (e.g. dry threads and dense tangles) requires only a few modifications to provide protection to the cocoon wasp (Sobczak et al. 2009 ).
